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7) Structural elements for a nuclear reactor fuel assembly. 



A structural element for use in a nuclear reactor 
uel assembly has an inner layer composed of a 
iigh strength zirconium alloy and an outer layer 
covering the inner layer with the outer layer com- 
posed of a highly corrosion and hydrogen absorption 
ind permeation resistant zirconium alloy. The inner 
and outer layers are metallurgical^ bonded continu- 
ously over their contacted surfaces to produce an 
ntegral structure. The inner layer comprises from 
50-92% of the finished structural element Preferably 
the inner layer is ZircaIoy-2 or -4. The outer layer 
comprises the balance of the structural thickness 
and is preferably a zirconium-tin-iron alloy or a 
zirconium-niobium alloy. The outer zirconium alloy 
layers cover the inner layer to limit exposure of the 
inner layer to the aggressive cooling environment 
encountered in a nuclear reactor. By combining 
these layers into a unitary structure, a structural 
element having superior strength and creep prop- 
erties is provided which has enhanced corrosion and 
hydrogen absorption resistance. 

FIG 1 
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HNICAL FIELD 

This invention relates to structural elements for 
Bar reactors and more particularly to highly 
DSion resistant structural elements for use in a 5 
ear reactor fuel assembly. 

:KGROUND 

Structural elements for nuclear fuel assemblies 10 
t be capable of surviving in an extremely harsh 
ronmerrt These elements may include spacer 
is and side plates, structural channels, water 
inels, water rods, guidetubes and possibly fit* 
s and fastening devices. For example, a spacer 75 
1 maintains a plurality of fuel rods incorporated 
nuclear fuel assembly in an organized array, 
se structures must maintain their strength in a 
ily radioactive environment and be resistant to 
osion by the coolant circulating around the fuel 20 
» at high temperature. Since these structures 
in continuous contact with a coolant such as 
3r and/or steam with, at times, small amounts of 
itives such as boric acid, lithium hydroxide, and 
n impurities, they are subject to severe corro- 25 
' stresses from oxidation at high temperature, 
solved hydrogen may be present in the coolant, 
sh may permeate into and react with the alloys 
ling the structures and cause weakening 
■ugh embrtttlement and/or by increasing the pro- 30 
sity for corrosion. 

To reduce radioactive waste generation and 
Base efficiency, there is an increasing trend to 
duce fuel assemblies which have a longer bum- 
life. To achieve this, the structural elements will 35 
required to endure the harsh aqueous environ- 
nt for longer periods of reactor operation, ac- 
dingly requiring the retention of their structural 
I corrosion resistant properties for those ex- 
ded periods. 40 

To meet these requirements, zirconium alloys 

typically used in forming the structural ele- 
nts for nuclear fuel assemblies. However, while 
ne zirconium alloys have high strength, they are 
d susceptible to high corrosion rates in an 45 
leous environment Other zirconium alloys which 

more corrosion resistant may not meet me- 
trical strength requirements. To date, these 
ictures have typically been made of alloys, such 
Zircaloy-2 or -4. Stainless steel and Inconel so 
ys have also been used, but these materials 
fer from a high neutron capture cross section 
I therefore, are detrimental to high efficiency 
iration of the assemblies. 

In U.S. Patent No. 4.751,044, a nuclear fuel 55 
jding tube is described having two annular lay- 
bonded to each other. An inner layer is com- 
;ed of a zirconium base alloy and an outer layer 
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is composed of a titanium base material which 
protects the zirconium from the corrosive environ- 
ment of the reactor core coolant. 

In U.S. Patent No. 3,620.691 a fuel rod struc- 
ture is disclosed having a high strength zirconium 
inner layer, a gas diffusion-impeding material on 
the surface thereof and a highly corrosion-resistant 
zirconium layer surrounding the gas impeding lay- 
er. 

Other fuel rod structures are disclosed in U.S. 
Patent Nos. 5,023,048, 4,675,153, 4.863,679. 
4.610,842. 4,963,316 and 4,735.768. However, fuel 
rod cladding structures require application specific 
properties, since they are used to contain nuclear 
fuel pellets. Thus, fuel rods experience different 
environments on the inner and outer surfaces and 
do not serve the same purpose as structural ele- 
ments in a nuclear reactor. 

SUMMARY OF INVENTION 

ft is an object of the present invention to pro- 
vide a structural element which has enhanced cor- 
rosion resistance and high mechanical and creep 
strength for use in a nuclear reactor. 

ft is another object to provide a structural ele- 
ment for use in a nuclear fuel assembly which is 
resistant to hydrogen absorption. 

These and other objects of the present inven- 
tion are achieved by providing a structural element 
for a nuclear fuel assembly comprising an inner 
layer composed of a high strength and creep resis- 
tant zirconium base alloy and outer layers covering 
the inner sheet, the outer layers composed of a 
corrosion resistant and hydrogen absorption resis- 
tant zirconium base alloy. 

The inner layer and outer layers are metallurgi- 
caily bonded continuously over their surfaces to 
assure integrity at the interface. Preferably, these 
layers are roll bonded or diffusion bonded into a 
unitary structure prior to fabrication into a structural 
element. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 shows a structural element of the 
present invention in cross section. 

Fig. 2 shows a composite plate or sheet of the 
present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

Referring to Frg. .1 , a strip 1 has an inner layer 
2 and an outer layer 3. The strip may be used in 
various structural elements of a nuclear fuel assem- 
bly, such as to provide a spacer strip which is used 
to maintain a plurality of nuclear fuel rod assem- 
blies in an organized array. As such, due to its 
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proximity to the nuclear fuel rods and the need to 
maintain an organized array under even extreme 
conditions to assure adequate cooling, the strip 
must have adequate mechanical strength and ade- 
quate creep properties. In addition, the strip must 5 
maintain these properties in a hot aqueous environ- 
ment for extended periods of operation. Thus, long 
term resistance to corrosion, to hydrogen embritt- 
lement and to neutron radiation is required. 

The inner layer could be a zirconium base 10 
alloy such as Zircaloy-2 or -4. Such a material 
provides sufficient strength to survive under stan- 
dard operating or accident conditions. The outer 
layers are preferably composed of a zirconium 
alloy which has higher corrosion resistance as 75 
compared to Zircaloy-2 or -4 and increased resis- 
tance to hydrogen absorption. Such a composite 
layer has the advantage of being easily fonmable 
into a structural element such as a channel or 
spacer strip. It can also be fabricated by welding 20 
into other structures without causing significant ex- 
posure of the inner sheet, as the corrosion resistant 
zirconium layer continues to cover the high 
strength inner layer. For purposes of this disclo- 
sure, the terms zirconium and zirconium alloy in- 
cludes such small amounts of impurities which are 
typically encountered. 

Referring again to Fig. 1, the inner layer 2 is 
formed of Zircaloy-2 or -4. Zircaloy-2 contains 1.2- 
1.7% by weight tin, 0.07-0.2% iron, 0.05-0.15% 
chromium, 0.03-0.8% nickel, 0.07-0.15% oxygen 
and balance zirconium and incidental impurities 
Zircaloy-4 contains 1.2-1.7% tin, 0.18-0.24% 
0.7-0.13% chromium, 0.1-0.18% oxygen andy*he 
balance zirconium and incidental impurities. Other 
alloys useable as the inner layer are zirconium 
alloys with about 0-2% tin, 0-10% niobium.i>-0.5% 
Fe, 0-0.2% Cr. 0-0.2% Ni, 0.05-0.20% oxygen and 
small amounts of impurities as may typically be 
encountered in nuclear grade zirconium sponge. 40 
Impurities within the normal range for commercial 
reactor grade sponge zirconium are Aluminum 75 
ppm or less. Boron 0.5 ppm or less, Cadmium 0.5 
ppm or less, Carbon 270 ppm or less, Chromium 
200 ppm or less, Cobalt 20 ppm or less, Copper 50 45 
ppm or less, Hafnium 100 ppm or less, Iron 1500 
ppm or less. Hydrogen 25 ppm or less, Oxygen 
900 ppm or less, Magnesium 20 ppm or less, 
Manganese 50 ppm or less, Molybdenum 50 ppm 
or less, Nickel 70 ppm or less. Nitrogen 65 ppm or 50 
less, Silicon 120 ppm or less, Tin 50 ppm or less. 
Titanium 50 ppm or less. Tungsten 100 ppm or 
less, and Uranium (total) 3.5 ppm or less. Of 
course, other zirconium base alloys having the 
desired structural properties could be used. 55 

The strip outer layer 3 is formed of a corrosion 
resistant zirconium alloy. For example, about 0.5% 
tin, 0.4% iron, balance zirconium and incidental 




impurities, or about 0.8% tin. 0.2% iron. 0.1% 
chromium, balance zirconium and incidental impuri- 
ties; or about a 0.5% tin, 02% iron, 0.1% chro- 
mium, balance zirconium alloy and incidental impu- 
rities could be used. Other alloys usable include a 
zirconium-niobium alloy such as zirconium with 
about 0.5-3% niobium or zirconium alloys having 
about 0-3% niobium, 0-1.0% tin, 0-0.5% iron, 0- 0 — > jJ 
0.3% chromium, 0-0.3% nickel, 0.05-020% oxy- ; y y 
gen, and the balance ziroonium and incidental 
purities. / v 

Zirconium alloys that resemble the composition c *-^ /' 
of Zircaloy-2 or -4y&ut which have a much lower —y * 
tin concentration Jpelow approximately 1% tin by * 'i^y-* &~ 
weight) are preferred as they have shown very , 
good corrosion/resistance in pressurized water re- £ £ ^oJb* 
actor environments. The good corrosion resistance **** ^ 
also loads /to very low hydrogen pick-up levels. .1 
Alloys co/ttaining niobium are also preferred as , y 
they hayfc shown increased resistance to modular jLtc^Jt^ 
corrosion frequently observed in water cooled reac- - ^ 1 
tors. / 

/The inner layer 2, constructed of either ( ( . v 
Zircaloy-2 or -4, or other compositions as indicated 
above, are bonded to the outer layers 3 composed 
of the corrosion resistant alloy. Various types of 
metallurgical bonding processes may be used such 
as rolling, extrusion, hot pressing, explosive bond- 
ing or diffusion bonding. The sheets are bonded 
continuously over their surfaces. 

Referring to Fig. 2, a plate 4 is fabricated by 
placing a first outer sheet 5, an inner sheet 6 and a 
second outer sheet 7 together as a stack. The 
edges of the stack are then welded together to 
bond the outer sheets together to prevent oxidation 
in between the layers during bonding. The stack is 
then heated and rolled in a conventional rolling mill 
to bond the sheets together into an integral struc- 
tural plate or sheet 

The relative thicknesses of the sheet 6 to the 
sheets 5 and 7 may be, for example, about 80% to 
10% to 10%, respectively. From about 4-25% of 
the overall sheet thickness could be comprised of 
each of the outer sheets (balance, about 50-92% 
being the inner sheet). While the outer sheets may 
be of equal thickness, they need not be, and de- 
pending on the exposure of the surface, a relatively 
thicker sheet could be put on one side of the 
central sheet and a thin sheet on the other side. 
For example, if one side of the structural element 
will experience, in addition to coolant contact sig- 
nificant wear, a relatively thicker surface sheet is 
provided on this side for prolonged corrosion pro- 
tection. Typically outer sheets 5 and 7 would be of 
the same alloy composition although there may be 
instances where dissimilar alloys are favored. 

When used as a spacer strip for supporting a 
plurality of fuel rods for a nuclear fuel assembly. 
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th- 
inner layer has a thickness of about 0.005 to 
0 inch to provide sufficient structural strength 
ithstand the mechanical forces which could be 
)untered. This inner layer is essentially not 
>sed to contact with the coolant fluid, since the s 
r shee'. is nearly continuous thereover. 
At the edges of the strip, the surface area of 
inner layer exposed to the coolant is very 
ill, and since the inner layer has at least mod- 
e resistance to corrosion, the overall corrosion to 
of the strip and the hydrogen absorption rate 
only minimally affected. 
While in the preferred embodiments of the 
sent invention, a spacer strip is described, it will 
understood by those skilled in the art that 75 
ous other structural elements usable in a n li- 
ar reactor may be produced according to the 
sent invention. Consequently, various changes 
modifications could be made by those skilled in 

art without varying from the scope of the 20 
sent invention, 

ilms 

A structural element for use in a nuclear reac- 25 
tor comprising an inner layer composed of a 
high strength zirconium alloy and outer layers 
covering the inner layer, the outer layers com- 
posed of a highly corrosion and hydrogen ab- 
sorption and permeation resistant zirconium aJ- 30 
loy, the inner layer and the outer layers met- 
aJlurgicaJIy bonded continuously over their con- 
tacted surfaces to produce an integral struc- 
tural element 

35 

The element of claim 1 wherein the inner layer 
is a Zirconium alloy comprising 1.2-1.7% by 
weight tin, 0.07-0.2% iron, 0.05-0.15% chro- 
mium, 0.03-03% nickel, 0.07-0.15% oxygen, 
0-0.012% silicon, and 0-0.027% carbon. 40 

The element of claim 1 wherein the inner layer 
is a Zirconium alloy comprising 1.2-1.7% tin, 
0.18-0.24% iron, 0.07-0.13% chromium, 0.1- 
0.16% oxygen, 0-0.012% silicon, and 0- 45 
0.027% carbon. 



mium. 

7. The element of claim 1 wherein the outer layer 
comprises a zirconium alloy having about 0.1 - 
1.0% tin, 0.05 - 0.2% chromium. 

8. The element of claim 1 wherein the outer layer 
comprises a zirconium alloy having about 0.1 - 
1.0% tin. 0.05 - 0.5% iron, 0.01 -0.20% nickel. 

9. The element of claim 1 wherein the outer layer 
is a zirconium alloy containing about 1.0-3.0% 
niobium. 

10. The element of claim 1 wherein the outer layer 
comprises a zirconium alloy having about 1.0- 
3.0% niobium, 0-1% tin, 0-0.5% iron, 0-0.3% 
chromium, 0-0.3% nickel. 

11. The element of claim 1 wherein the inner and 
outer layers are metallurgical^ bonded by hot 
rolling. 

12. The element of claim 1 wherein the inner layer 
comprises from about 50-92% of the overall 
thickness of the element 

13. The element of claim 1 wherein the inner layer 
comprises about 80% of the overall thickness 
of the element 

14. The element of claim 1 wherein the inner and 
outer layers are metallurgical^ bonded by a 
process selected from the group consisting of 
rolling, extrusion, hot pressing, explosive bond- 
ing and diffusion bonding. 

15. The element of claim 1 wherein the outer layer 
is a zirconium alloy containing less than about 
1% tin. 



The element of claim 1 wherein the inner layer 
is a zirconium alloy with about 0-2% tin and 0- 
10% niobium. 50 

The element of claim 1 wherein the outer layer 
comprises a zirconium alloy having about 0.1 * 
1 .0% tin, 0.1 - 0.5% iron. 

55 

The element of claim 1 wherein the outer layer 
comprises a zirconium alloy having about 0.1 - 
1 .0% tin, 0.05 - 0.5% iron, 0.02 - 0.2% chro- 



EP 0 533 073 A1 




European Patent 
Office 



EUROPEAN SEARCH REPORT 



EP 92 11 5614 



DOCUMENTS CONSIDERED TO BE RELEVANT 



CLASSIFICATION OF THE 
ATTU CATION 01 QJ ) 



EP-A-0 353 733 (HITACHI) 
• page 3, line 27 - line 42; claims 1-26 * 



EP-A-0 154 559 (HITACHI) 

* claims 1,5-6,10,15; figures 2-3 * 



PATENT ABSTRACTS OF JAPAN 
vol. 9, no. 171 (C-291)16 July 1985 
& JP-A-60 043 450 ( HITACHI ) 8 March 1985 
~ abstract * 

PATENT ABSTRACTS OF JAPAN 

vol. 10, no. 182 (C-356)(2238) 25 June 

1986 

& JP-A-61 030 681 ( HITACHI ) 12 February 
1986 
abstract * 

US-A-4 751 044 (HWANG ET AL.) 

* claims 1-14 * 

US-A-3 620 691 (RUB EL) 

* claims 1-5 » 



1.U 

2-10, 
12-15 

1.11 

2-10, 
12-15 

1-10, 
14-15 



1-10,15 



1-15 



1-15 



Tb«| 
nam i 



+awa aa far all t 



G21C3/07 



TECHNICAL FOLDS 
K.CXS) 



G21C 



THE HAGUE 



17 DECEMBER 1992 



DER0UBAIX P.G 



CATECOftY OF CITED DOCUMENTS 



X i pattcalaHr ntma M 
Yi p rttti i H rt y w Iw aal M 

A : Mtaaaloikal mJkyym 

OiMMlMallHlMB. 

T i in—ton an hi mm 




Ltaa 



« : aaatar of laa i 



